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Abstract- Supply chain management that interrelates 
and integrates both consumers and suppliers into a 
process to make product value or service to 
consumers is very important and strategic. The 
purpose of this work is to develop models and 
methods to assess the supply chain imbalance and 
labor market demand based on intellectual control for 
the IT segment. The labor market operates in 
conditions of uncertainty and is characterized by 
specific management tasks, for which there are no 
ready-made software products and classical 
mathematical models. In this paper, the authors used 
fuzzy set theory, which allows the development of 
formal methods of evaluation and decision support to 
automate the process of analysis of the supply chain 
and demand in the labor market. The labor market in 
the model is described as an intelligent space, in which 
the main actors representing demand and supply 
interact. Based on this concept, a simulation of the 
supply chain interaction and micro-level demand is 
performed and an algorithm based on fuzzy 
situational analysis and fuzzy pattern recognition is 
developed. Suggested in the article methodological 
approach to the creation of the intelligent 
management system for the labor market of IT 
specialists, allows developing management decisions 
aimed at reducing the (qualitative) discrepancy of 
supply chain skills and demand.  
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1. Introduction 
The Information and Computer Technology (ICT) 
penetration into various human activity spheres and 
the information globalization has led to sharply 
increased labor market demand for specialists in 
information technology (IT specialists) [1], [2], [3], 
[4]. Today the shortage of IT specialists is observed 
in almost all EU countries [5]. Experts predict the 
increase in the number of IT jobs by 2020 (from 
750 000 to 1 000 000) [6], [7], and this is 
happening on the background of reducing the 
number of people receiving education on IT profile, 
engineering or natural sciences worldwide [8], [9], 
[10], [11], [12], [13], [14]. Measures such as 
competence models standardization, professional 
educational standards development in the IT sector 
with the participation of employers admission 
expansion to IT relevant faculties, contribute to the 
convergence of labor markets and IT-education, 
however, both of these areas continue to function in 
parallel [15], [16]. 
One can note that in the conditions of rapid 
development of information and communication 
technologies and the need for continuous updating 
of professional knowledge and skills of IT 
specialists, a quantitative unbalance often results 
from a qualitative discrepancy between skills and 
the requirements of the labor market [16], [17], 
[18], [19]. It is often the case when there is a 
sufficient number of people looking for jobs 
(supply) and a significant need for IT specialists 
(demand) on the employers’ part [20], [24], [25]. 
However, due to the qualitative unbalance, these 
flows fail to satisfy each other upon contact. This 
determines the relevance of modeling the processes 
of qualitative inconsistency between the supply 
chain and demand of IT specialists and the 
development of methods for the formalization and 
assessment of the relationships of the latter. The 
existing methodologies for eliminating quantitative 
and qualitative mismatches in the labor market 
involve the job qualification requirements’ 
formulation by employers [26], [27], [28].  
Competencies are a tool that aggregates 
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professional knowledge, individual experience, 
personal and other qualities of IT specialists 
[29]and [30], and determine their employment 
opportunities, career growth, etc [31]. 
The traditional methodology for eliminating the 
quantitative and qualitative unbalances in the labor 
market comes with a simple vacancies filling, and, 
accordingly, unemployment reduction [21], [22],  
[23]. This approach is not effective today, as the 
economic situation is continuously changing, cycles 
of technology and knowledge interchange are 
rapidly updated and reduced, a global 
informatization takes place, new trends in modern 
manufacturing occur. All these factors contribute to 
changing IT profile jobs’ requirements and 
stimulate the emergence of new IT-professions. 
This study investigates the problem of modeling 
processes of interaction between supply chain and 
demand on the IT-specialist labor market and their 
micromanagement, i.e. management at the level of 
the company. This is explained by the fact that the 
structure and scope of demand for IT specialists, as 
well as the requirements for their professional and 
personal competencies, are concretized at the level 
of the company. In such an interpretation, the task 
of figuring out the degree of consistency between 
the demand and supply at the micro-level comes 
down to the development of mechanisms for the 
effective selection and recruitment of IT specialists. 
It is worth noting that the scientific literature does 
not pay sufficient attention to the issues of systems 
analysis of the IT-specialist labor market, 
development of adequate technologies and methods 
for the support of managerial decision-making 
regarding the qualitative and quantitative 
coordination of the supply chain and demand of IT 
specialists, with regard to the specificity of this 
economic sector. This is caused by the specificity 
of the IT-specialist labor market, the flow of 
information regarding its state, nonhomogeneous 
data about human resources in this field, and an 
ambiguous system of indices. These peculiarities 
identify the problem of managing the supply chain 
and demand of IT specialists as a semi-structured 
one and determine the diversity of possible fuzzy 
states of the supply chain and demand of IT 
specialists and the multivariate nature of their 
coordination. The purpose of this study is to 
develop models and methods of assessment of the 
qualitative unbalance in the supply chain and 
demand of IT specialists based on an original 
conceptual approach to intelligent labor market 
management [32], fuzzy situational analysis, and 
image recognition. Intelligent management of the 
labor market IT segment implies the making of 
optimal managerial decisions in regards to the 
minimization of the unbalance in the supply chain 
and demand of IT specialists.= 
2. Preliminaries 
Managing the supply chain and demand mismatch 
at the micro level 
Let  pV UQGKVM ,,,, be a model of IT 
specialists’ demand, which defines requirements for 
the applicant’s competence to a particular 
workplace. It is a system of employers’ preferences 
regarding a specific job applicant, which are 
expressed by a set of candidate’s desired 
competencies; it forms a search image of IT 
specialist. Here V is a set of vacancies expressed 
by employers’ demands for IT specialists, i.e. 
applicants for vacancies; ),( CLK   is a set of 
core competencies characterizing IT specialist, 
which is formed by L   –  a set of personal 
competencies needed to work in the IT sector, and 
by C  – a set of professional competences, 
reflecting the necessary functional abilities to 
occupy a particular position. G  is an employer's 
preferences system regarding individual  
indicators; GUKVQ
p :  is a decisive rule 
(assessment model) for displaying the employer's 
preferences system to the competencies set; 
pU    
is a set of conditions, proposed to the candidates for 
IT profile positions. The supply model 
 sS UQWKSM ,,,, *  reflects the actual 
competencies’ values and preferences of each 
individual IT specialists, identifying their real 
search image (professional portrait). Here  S  is a 
set of IT specialists looking for a job and applying 
for a particular vacancy; ),( CLK  is  a set of 
personal characteristics and professional 
competencies of a specific IT specialist, i.e. a  
potential  applicant  for a  job;  W  is  a system  of  
IT  specialist’s  preferences; 
WUKSQ s :*  displays the system of IT 
specialist’s preferences on the competencies set; 
sU
 
is the IT specialist’s requirements for IT-
profile work place. During the interaction of 
demand reference states’ set and the real states’ set, 
that define the supply, many unique semistructured 
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(fuzzy) situations are formed. The final result of the 
supply chain and demand management in the IT 
specialists’ labor market  is the identification 
(recognition) among the real and reference search 
images of the exact pair, which has the greatest 
value of elements’ conformity (proximity) both 
from the employer’s preferences position (reference 
requirements), and from the standpoint of the 
applicant claims. Applying a mechanism for the 
evaluation of the supply chain and demand 
conditions, and the extent of their compliance 
through the prism of the IT specialists’ labor market 
interests, the management decision on the best 
candidate for the position could be made 
(respectively, the choice of the most preferred 
workplace). 
Consequently, let the market demand of IT 
specialists be a set: 
 kVVVV ,...,, 21 or   kiVV i ,1,   
expressed by the vacancies’ number; 
 nlllL ,...,, 21  or   njlL j ,1,   is a set 
of personal  characteristics (features), which each 
candidate should have for a specific position 
(vacancy, job); 
 mcccC ,...,, 21 or   mcC ff ,1,   is  
an open set  of  competencies,  which each 
candidate should have for the IT profile position. 
 pp uuuU ,...,, 21  or   puU p ,1,     
is a set of conditions, which are proposed to the 
candidates for the vacant IT profile jobs. 
Thus, demand model  pUCLV ,,  can be  
described by three  matrices 
knijL
lV  , 
kmifC
cV   and 
kpiU
uV  , where each 
row iV  describes a separate position in the IT labor 
market; the columns  kpkmkn ucl ,,  display 
constantly expanding base of personality 
characteristics and competencies; the elements 
kmkn cl ,  describe the separate indicators’ 
possessing level needed to occupy a vacancy at 
time t; kpu – is the values of parameters 
characterizing the conditions offered for the 
applicant to occupy a particular vacancy. Here, the 
competencies’ weight could also be taken into 
account, i.e.  n ,...,1  is a set of personal 
competences’ weights   njlL j ,1,  , 
 mi  ,..., is a set of professional 
competencies’ weights   mcC ff ,1,  . 
Discharge rate of iV  ( ki ,1 ) vacancy to the 
indicators ijl  and ifc  is defined as fuzzy sets with 
membership functions 
    ]1,0[:],1,0[:  CVVLVV icil ifij 
,
                                   (1) 
which express the rate of owning individual 
competencies in order to occupy a vacancy, set by 
employers.  
At the same time, the conditions offered to 
applicants are described by matrix 
kpiU
uV 
where the membership functions 
   1,0: UVViui  are fuzzy measures of 
indicator intensity, characterizing the employment 
conditions. 
Let the IT specialists’ market supply be defined by 
    qgSSSSS gq ,1,,...,, 21  – a set of 
IT specialists and job seekers applying for a 
particular job.   njlL j ,1,   is a set of 
personal characteristics, characterizing IT 
specialists;   mcC ff ,1,   is a set of real 
competences possessed by each individual 
candidate to occupy the vacancy;
 
  puU ,1,    is a set of IT specialist’s 
preferences, expressed as his requirements to IT 
profile job. 
The supply model  UCLS ,,  is also 
described by three matrices 
qngjL
lS  , 
qmgfC
cS   and
qpgU
uS  , where each 
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row  gS  ( qg ,1 ) describes a separate 
candidate for the job in the IT labor market; the 
columns  gpgmgn ucl ,,  reflect the constantly 
expanding base of personal characteristics and 
competencies; the elements qmqn cl , show the rate 
of possessing different characteristics needed to 
occupy a vacancy; qpu  is the indicator value, 
describing the requirements of IT-specialist to the 
vacancy.  
The rate of specific IT specialist gS competence 
possession is determined by a separate membership 
function   
    .]1,0[:],1,0[:  CSSLSS gcgl gfgj 
                                           
 
                                (2) 
IT specialist’s requirements for a vacancy are 
expressed by matrix 
ipgU
uS  , and
   1,0: USSgui   determines fuzzy 
intensity measures of IT specialist’s requirements.  
In fact, there are two sets of fuzzy conditions, 
describing the state of supply iV
~
 and demand gS
~
 
in 
the IT specialists’ labor market: 
        yyVVVV
iiifij Viuicili
)(,,
~



.                            (3) 
        yySSSS
gggfgj Sgugcglg
)(,,
~



,                                          (4) 
Here the set  yyV
iVi
)(
~
  ki ,1  is a 
description of fuzzy reference conditions, and the 
set  yyS
gSg
)(
~
  qg ,1   is the description 
of fuzzy real situations. 
The goal of the management of supply chain and 
demand on the IT-specialist labor market is to 
recognize and detect, among multiple real search 
images of IT specialists and model search images, 
the one pair, the proximity of the elements whereof 
is the highest. 
3. Results 
To determine the supply chain and demand in IT 
specialists’ labor market on a micro level, it is 
reasonable to reduce the identification problem of 
supply chain and demand correspondence to the 
problem of fuzzy pattern recognition and evaluation 
criteria, and to the rate of their possession. Search 
and decision-making, in this case, are reduced to 
the comparison of each fuzzy IT specialists’ search 
image (applicants for a particular position) with 
each reference fuzzy search image of employers’ 
requirements, and to the pairs’ identification with 
the highest proximity rate. In this formulation, 
decision-making on the accordance of supply chain 
and demand is based on the situational management 
using the measures of proximity definition of two 
fuzzy situations. As the assessment methods of the 
similarity of any real situation with each of the 
reference ones, single or multiple-step procedures 
of determining the degree of fuzzy shift of  
gS
~
 
fuzzy   situation into iV
~
 fuzzy situation, the rate of 
fuzzy equality iV
~
 and gS
~
, the rate of fuzzy 
commonness iV
~
 and  
gS
~
, and etc. can be used [18, 
31, 32]. 
According to [32], the degree of fuzzy inclusion of 
situation 
g
S
~
 into situation 
i
V
~
 is determined as 
follows:  
)))(),(1((maxmin)))(),(1(max(&))(),((&)
~
,
~
( yyyyyyVS
igigig VSVSYy
VSig  

                     
                                                                            (5) 
Situation 
g
S
~
 is considered fuzzily included into 
situation 
i
V
~
 (
g
S
~
~
 iV
~
) if the degree of inclusion 
of 
g
S
~
 into 
i
V
~
 does not exceed a certain inclusion 
threshold ψ[0.6; 1], which is determined by the 
management conditions, i.e.  )
~
,
~
( ig VS .   
In other words, the situation gS
~
 is fuzzily 
included into situation iV
~
 if the fuzzy values of 
indices (actual values of competencies of a job 
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application) gS
~
 are fuzzily included into the 
values of the indices of situation iV
~
 (model values 
of indices that describe the requirements to the 
characteristics of the job applicant). In order to 
make a decision, each alternative situation out of 
the multitude of applicants for a certain job 
(vacancies) is compared in terms of the degree of 
inclusion to the model image of the vacancy 
(situations out a multitude of vacancies). The 
sought an alternative situation (candidate) is the one 
that affords the maximum to the following 
expression: 
  .,1,,1,)))(),(1min(max(max kiqgyy
ig VS
 
                                                                              (6) 
The degree of fuzzy equality (equivalence) as a 
means of determining the proximity of any two 
fuzzy situations is based on the following 
reasoning. Assume an equality threshold is set for 
two situations (for instance, ψ[0.7; 1]) and there 
are situations that are mutually inclusive, i.e. gS
~
~
 iV
~
 and iV
~
~
 gS
~
kgkiqg  ,,1,,1, , 
(
~
 is the fuzzy inclusion sign), then situations gS
~
 
and iV
~
 are considered approximately identical. 
Such similarity of situations, called fuzzy equality, 
is found from the following expression: 
 )))(),(1(max)),(),(1((maxminmin
)(),((&)
~
,
~
(&)
~
,
~
()
~
,
~
(
yyyy
yySVVSVS
giig
ig
SVVS
Yy
VSgiigig





                                                                              (7) 
Situations gS
~
 and iV
~
 are considered fuzzily equal 
ig VS
~~
  if  ,1;7,0,)~,~(   ig VS
 
where 
ψ is a certain threshold of fuzzy equality of 
situations. 
A fuzzy (p -λ ) generality of situations is a 
similarity of situations, when the fuzzy values of all 
attributes in situations are fuzzily equal, with the 
exception of fuzzy values that do not exceed λ 
attributes. If situations gS
~
 and iV
~
 are described 
by p-attributes, then a sufficiently fuzzy equality of 
p - λ attributes out of a multitude is sufficient for 
their (p - λ )-generalities. If the attribute that were 
used to describe the object of management do not 
depend on each other, then it is possible to 
transition from a certain situation gS
~
 to any 
situation iV
~
 that has a (p - λ)-generality with 
situation gS
~
by applying not more than λ local 
(affecting the value of a single attribute) equations. 
The degree of the (p – λ )-generality )
~
,
~
( igp VSk   
of situations gS
~
 and iV
~
  is determined by the 
following expression: 
))(),((&)
~
,
~
(
\
yyVSk
ig VSYYy
igp 



  , 
(8) 
where |Yλ|  λ, attribute yƶ belongs to Yλ if 
tyy zVzSg i ))(),((  . 
If Yλ = , situations gS
~
 and iV
~
 are fuzzily equal. 
Similar to the determination of fuzzy equality, the 
assumption is that situations gS
~
 and iV
~
 have a 
(p – λ)-generality if )
~
,
~
( igp VSk   > t. 
Formally, the problem of identifying the state of 
supply chain and demand can be described as 
follows:  
D = V, S, R, where:  V – number of vacancies; S – 
number of IT specialists; R – number of rules 
determining the relationship between the elements 
of sets V and S (that is to say, allowing to compare 
the descriptions of the real states of IT professionals 
with all reference demand states). 
Thus, the State Statistical Committee of the 
Republic recorded 1,680 enterprises and 
organizations of the IT sector by early 2013. This 
amounts to 2.1% of the total number of all legal 
entities in the country. Already in 2016 the number 
of employees in IT-sphere by of statistical 
Classification of Economic Activities was 
estimated at almost 20,172 persons [33]. 
Revenues of the IT industry in real prices achieved 
US$231,6 million or AZN180,7 million,10 
accounting for 11,2% of total ICT sector income – 
12,5 times less than telecom services’ input to the 
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sector – and only 0,32% of GDP. IT industry 
employees earn very competitive salaries: a junior 
specialist’s monthly wage was US$1,206,00 or 
AZN940,00, a senior manager’s US$6,200,00 or 
AZN 4,836,00 in 2013. 
With that, IT education programs in state 
universities and colleges do not produce an 
adequate supply of skilled workers to meet the 
growing demand of the industry. The shortages of 
qualified candidates and, as a consequence, the high 
cost of skilled labor are key constraints to the IT 
industry’s development in Azerbaijan. Methods for 
managing the scenarios of coordination of the 
supply chain and demand of IT specialists Studies 
offer possible scenarios of coordination of the 
supply chain and demand of IT specialists [32]. The 
recognition of the most acceptable (in terms of 
proximity) “employer – IT specialist” pair out of 
the multitude of search images of IT specialists 
(supply) and model search images can be followed 
by several possible scenarios: 
Scenario 1. One vacancy (employer’s order) – one 
applicant (IT specialist). In this case, of the degree 
of fuzzy similarity of the two situations (model 
search image of the vacancy and the search image 
of the applicant) exceeds the threshold set by the 
employer, a decision is made to recruit the 
applicant. 
Scenario 2. Several applicants (IT specialists) meet 
the requirements of the employer in accordance 
with the accepted measure of similarity of two 
fuzzy situations. These applicants form a subset of 
fuzzy situations (alternatives), among which the 
employer has to pick one that corresponds to the 
best candidate. In this case, the employer that acts 
as an expert (decision-maker) can be offered the 
following methods of decision-making: 
Scenario 2.1. The decision-making task comes 
down to comparing the degree of proximity of the 
model and real situations in terms of the 
significance of criteria that characterize the job 
applicants and the choice of the best decision based 
on the greatest matching of the most significant 
criteria. In this case, the formulas (5) or (6) are used 
to estimate the degree of proximity of the model 
situation iV
~
 
and the real situation gS
~
. Then, the 
set equality threshold (for instance, ψ[0.7; 1]) is 
used to determine the situations that are mutually 
inclusive or fuzzily equal. The sought situation is 
the one that affords the maximum to the proximity 
to the model situation. 
Scenario 2.2. The decision-making task comes 
down to a multi-objective choice of the optimal 
decision (alternative) with regard to the relative 
significance of the criteria that characterize IT 
specialists [33]. In this case, the decision-making 
task is realized in accordance with the following 
stages: 
Stage 1. Similar to scenario 2.1, this stage involves 
a determination of mutually inclusive or fuzzily 
equal situations, after which it is possible to 
“narrow down” the real situations, for which the 
degree of proximity to the model situation does not 
exceed the threshold set by the employer. 
Stage 2. This stage involves the determination of 
relative significance factors [34, 35]: 
wL, wC, wU (based on fuzzy ratios UCL  ); 
wl1 ,wl2,..., wln (based on fuzzy ratios of indices 
nlll  ...21 ); 
wc1 ,ws2,..., wcm (based on fuzzy ratios of indices 
mccc  ...21 ); 
wu1, wu2,..., wup (based on fuzzy ratios of indices 
puuu  ...21 ); 
Stage 3. Based on the aggregation of the degrees of 
possession of certain indices (i.e). 
    pSmfSnjS gugcgl ggfgj ,1),(,,1,,,1,   
  
                                                                              (9) 
by specific IT specialists qgSg ,1,  , the degrees 
of similarity between fuzzy real situations and the 
model situation are determined based on the 
following steps [15], [33]: 
3.1. Based on the “convolution” of the degrees of 
possession of indices l1, l2,…,ln (i.e.
   njSglgj ,1,  ) by each specific IT specialist
qgSg ,1,  , the degree of proximity to the 
model search image for the job is determined based 
on personal characteristics; based on the 
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“convolution” of   mfSgcgf ,1,   – the degree 
of similarity based on C – competencies; based on 
the “convolution” of pSgug ,1),(  
 –  the 
degree of similarity based on U – job requirements: 
    ).()~(),()~(,~
111
gu
p
gUgc
m
f
fgCg
n
j
ljgL SwSSwSSwS fj 




                                                                            (10) 
3.2. The degrees of similarity between the real 
situations and the model situation are determined 
based on the obtained results and relative 
significance factors L, C and U – wL, wC, wU, i.e.: 
  )~()~()~(~~ gUUgCCgLLgV SSSSi  
                                          (11) 
3.3. A fuzzy real situation with the maximum value 
is chosen: 
    ngSS gVV ii ,1,
~
max*
~
~~   .                                                                                      
                                                                            (12) 
The fuzzy real situation of choice corresponds to 
the search image of the applicant that has the 
highest degree of similarity with the model image 
of the vacancy. This situation is accepted as the 
optimal decision. 
4. Conclusion 
The study investigated the micro-level of modeling 
of the interaction between supply chain and demand 
on the IT-specialist labor market, at which the 
supply to demand ratio is considered from the 
perspective of individual subjects (IT specialists 
and employers) on the labor market and their 
behavioral strategies. The problem of figuring out 
the degree of correspondence between the supply 
chain and demand at the micro-level comes down to 
the development of mechanisms for the effective 
selection and recruitment of IT specialists. A fuzzy 
situational model of supply chain and demand on 
the IT-specialist labor market was developed. A 
method of fuzzy recognition of images that is based 
on the determination of the degree of proximity 
between two fuzzy situations was offered for 
decision making in the selection and recruitment of 
IT specialists. 
Scenarios of coordination of supply chain and 
demand of IT specialists were offered. A decision-
making method was offered for each scenario, 
which allows choosing the candidate that best 
corresponds with the requirements of the demand 
(employer). The proposed methodological approach 
to intelligent management of the IT-specialist labor 
market at the micro-level takes into account the 
specificity of the information technology sector, the 
needs, preferences, and claims of the main subjects 
of the IT labor market and the qualitative nature of 
the unbalance therein, and allows making 
managerial decisions aimed at reducing the 
competency-based (skill-based) inconsistency 
between supply chain and demand. This, in turn, 
allows providing various sectors of the national 
economy with IT personnel that meet the 
requirements of the labor market. 
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